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Peach [Prunus persica (L.) Batsch] is the most important stone fruit species in the world. According to FAOSTAT (2013) , the world production of peaches in recent years has reached 21.5 mil. tonnes. The cultivated varieties of peach require the use of rootstocks, which is a very important component of the fruit tree. The rootstocks commonly used for peach cultivars worldwide are generative rootstocks, usually peach seedlings (Room 1983; Rubio-Cabetas 2012) . The seedlings are produced from seeds that can be obtained (i) from local peach trees growing in the wild, such as the Vineyard peach that grows in most Balkan countries or the Tennessee Natural and Indian Peaches that grow in North America; (ii) cultivated varieties, the fruit of which are typically processed by the food industry, such as the cvs Halford and Lovel that grow in Canada and the USA; and (iii) specifically selected peach seed genotypes, such as Montclar, which is grown in Europe, Siberian C and Harrow Blood, which are grown in Canada, and Rutgers Red Leaf and Nemared, which are grown in the USA (Room 1983 , Layne 1987 Reighard, Loreti 2008; Nikolić et al. 2010) .
To be considered a valuable seed source, peach trees should bear fruit regularly and abundantly; thus, they must produce large number of fruit annually, from which stones (seeds) can be harvested for production of generative rootstocks. However, peach is a demanding species in terms of temperature. In Polish climatic conditions, the flower buds of peach trees are often damaged by low subzero temperatures in winter or by spring frosts (Szymajda et al. 2013a) . As a result, after some winters, peach trees do not bear any fruit (seeds) or produce very poor yields. Therefore, in countries located 161 in seasonally colder zones with the temperate climates, peach seed orchards should be established with genotypes whose trees are sufficiently winterhardy to ensure annual fruit bearing and the continuity of seed supplies. The trees of such genotypes should be tolerant to the damage of their flower buds as caused by not only low subzero temperatures during endodormancy but also by temperature fluctuations during ecodormancy. They should also be able to withstand spring frosts, which can damage flower buds and blooming flowers as well as young fruitlets. To address these issues, extensive research is currently underway in Poland with the goal of obtaining seed genotypes for use as rootstock seed sources in the northernmost areas of peach cultivation, such as central Europe.
The aim of this study was to assess the usefulness of several peach genotypes selected in Poland as source trees for seeds and to evaluate these seeds.
MATERIAL AND METHODS
Experimental location and plant materials. The study was conducted at the Research Institute of Horticulture in Skierniewice (central Poland) from 2008 to 2013. The plant material consisted of Prunus persica seed trees (genotypes) denoted by the symbols BN-1, BN-3, BN-4, BN-7, BN-8 and BN-45, which were selected at this institute. The control cultivars were P. persica Mandżurska and P. persica Siberian C, which are widely used in Poland as seed trees for harvesting seeds in the production of generative rootstocks for peach cultivars. Short descriptions of the control cultivars are provided by Layne (1987) , Jakubowski (2000) and Czynczyk (2012) .
The genotypes BN-1, BN-3, BN-4, BN-7 and BN-45 were selected from a population of seedlings produced from the seeds of cv. Mandżurska (Jakubowski 1991) , whereas the genotype BN-8 was selected from a population of seedlings obtained from the seeds of cv. Rakoniewicka, which is a local seed peach cultivar. The selection work on the seed genotypes under assessment in this study was initiated in the late 1970s and early 1980s by Dr. Tadeusz Jakubowski. Detailed measurements and observations were performed on three trees of each seed genotype. All genotypes and control cultivars were grafted onto seedlings of the seed peach cv. Mandżurska and planted at the Experimental Orchard in Dąbrowice (central Poland) in the spring of 2006.
Parameters assessed:
Flowering time (full bloom) -the date at which approximately 50% of the flower buds on the tree had reached the open flower stage.
Fruit-ripening time -the date at which approximately 10% of the fruit had undergone skin colour changes from green to whitish or cream, which was accompanied by softening of the flesh and easy separation of the fruit stalk from the fruit-bearing shoot.
Intensity of tree flowering and fruiting -assessed on a 1-9-point rating scale as follows: 1 -lack of flowering or fruiting, 3 -poor flowering or fruiting, 5 -moderate flowering or fruiting, 7 -abundant flowering or fruiting, and 9 -very abundant flowering or fruiting.
Mean fruit weight (g) -determined using 5 samples of 20 ripe fruit each. The samples were randomly collected at fruit-ripening time from all trees being assessed from the outer portion of the crown at half of their heights.
Mean weight of one dried stone (g) -determined using 5 samples of 20 stones each. For each genotype, the samples were obtained randomly from a batch of seeds prior to stratification.
Number of stones obtained from one tonne of fruit -calculated as the ratio of the weight of one tonne of fruit in grams (1,000,000 g) and the mean fruit weight (g).
Number of dried stones per kilogram -calculated by dividing the weight of one kilogram of dried stones (1,000 g) by the average weight of one dried stone (g).
Seed germination capacity -the percentage of seeds of a given genotype that germinated during stratification in relation to the total number of stones undergoing the treatment. For each genotype (combination), a total of 500 stones were used in five replications. A replication was represented by a bag containing 100 stones.
Number of stones with two seeds -expressed as the percentage of stones with two seeds; these seeds were counted during the inspections and after the stratification treatment. To determine the number of stones with two seeds among the stones whose seeds had not germinated, the stones were cracked open with a table vice after stratification.
Weather history -during the winter months (December-March) and spring months (April-May) from 2008 to 2012, min. and average air temperatures were recorded at a height of approximately 1.8 m above the ground (Table 1) .
Statistical analysis. The analyses of the data that were obtained over the course of the study were performed using a repeated measures model. The sphericity assumption was assessed with the Mauchly's test. If sphericity was violated, adjustments were performed with the Greenhouse-Geisser correction. Multiple comparisons of the means were performed using the Duncan's procedure at P ≤ 0.05. The analyses were performed with the Statistica software package vers. 10 (StatSoft, Inc., Tulsa, USA).
The stones for the study were collected successively from ripe fruit that had fallen to the ground and showed no signs of decay. The remains of the flesh were removed by washing the stones repeatedly under running water. Stones floating on the surface of the water (indicating poorly developed seeds) were discarded. Next, the stones were dried and stored in paper bags at ambient conditions at approximately +20°C. The stratification treatment began in mid-December of each year of the study. Before stratification, the stones were disinfected by soaking in a 0.5% solution of the fungicide Captan 50 WP (Arysta LifeScience North America Co., San Francisco, USA) (suspension, 50% captan) for 24 hours. The disinfected stones were then mixed with a moist substrate at a volume ratio of 1:3 (one part stones to three parts substrate). The substrate for stratification was a mixture of peat and sand at a 3:1 volume ratio (three parts peat to one part sand). To facilitate their access to air, the stones mixed with the substrate were packed in perforated plastic bags and then placed in an incubator for seed stratification at approximately +4°C. The first four inspections of the stones (to allow fresh air to enter the bags and to assess the moisture content of the substrates) were conducted at 20, 40, 60 and 80 days from the beginning of stratification. Subsequent inspections were performed every 10 days, and the stones with germinating seeds were removed and counted each time. A seed was regarded as having germinated if a 5-10 mm long radicle could be observed emerging from the cracked stone.
RESULTS AND DISCUSSION
During each winter preceding our assessment, large drops in temperature occurred. The lowest recorded values were as follows: -23.0°C (January 6, 2009), -28.1°C (January 26, 2010), -22.3°C (February 22, 2011), and -23.3°C (February 3-4, 2012) (Table 1) . Despite these severe winter frosts, all of the trees of the seed genotypes under assessment bloomed abundantly (Table 2 ). According to Szewczuk et al. (2007 Szewczuk et al. ( , 2010 , substantial damage to peach flower buds during winters in Poland occurs following a drop in temperature up to -24°C and -26°C. In addition to the flower buds, the peach trees themselves were also reported to suffer from damage during some Polish winters (Jakubowski 1986) . We have previously shown that in central Poland, severe freezing of peach flower buds occurs when the temperatures fall to -23.0°C (Szymajda et al. 2013a ). This indicates that the degree of damage to peach flower buds depends not only on sharp drops in temperature but also on temperature fluctuations during the winter season, causing the trees to lose their cold-hardiness, and on the individual cultivars. In our study, a particularly dangerous drop in temperature occurred on February 22, 2011 (-22.3°C) . At that time, the flower buds may have completed endodormancy, which typically ends in December under the climatic conditions of central Poland (Jakubowski 1993) . During the days in which temperatures rose above +4.4°C (Richardson 1974) , the flower buds began accumulating heat units, which caused them to become less resistant to frost. Abundant tree flowering was indicative of the high winter hardiness of the genotypes tested.
In three out of the four years of the study, spring frosts also occurred just before the full blooms (Table 1). These occurred on April 20, 2009 (-4.0°C), April 25, 2010 (-2.5°C), and April 20, 2011 (-1.5°C). In all three cases, at the time of the frost, many buds were already at the open flower stage and were thus vulnerable to damage. In 2011, another frost (-1.5°C) occurred on May 4, a few days after the full bloom. Despite the unfavourable weather conditions, the trees of the tested genotypes produced abundant fruit crops, and the genotypes BN-8, BN-1 and BN-4 were the best fruit-bearers (Table 2). The abundant fruiting of the trees of these genotypes indicates the tolerance of their flowers to spring frosts and their ability to set fruit under adverse temperature conditions. Differences between the genotypes in relation to the characteristics under consideration varied throughout the years of the study (Table 3 ). The weather patterns in the individual years significantly affected the values of the parameters analysed. In 2009 and 2011, the occurrences of winter frosts and spring frosts resulted in lower flowering and fruiting intensities compared with those in 2010 and 2012 (Table 2) .
In addition to regular annual fruiting, peach seed trees are expected to produce abundant fruit crops and, consequently, seed-carrying stones. High yields of a large number of small fruits are preferable. Over the four years of the study, the smallest fruits were produced by the genotypes BN-8 and BN-7 on average, for which the average weights were 47.7 g and 49.2 g, respectively (Table 4 ).
An abundant crop of small fruit allows for the acquisition of a large number of stones (seeds). One tonne of fruit from each of the genotypes BN-7 and BN-8 yielded the most stones on average over the four years of the study (Table 4) . These results indicate that out of all of the genotypes tested, BN-7 and BN-8 produced the highest seed yields at the seed orchard. The numbers of seeds per tonnes of fruit varied each year. The larger crops of small fruit in 2010 and 2012 resulted (to a large extent) in higher yields of stones per tonne of fruit in comparison with the yields in 2009 and 2011. This indicates that the damage to flower buds caused by winter and spring frosts occurring in Poland reduces the fruiting intensities and increases the weights of the fruit produced. Consequently, lower seed yields are obtained from the fruit genotypes in the years of low fruiting intensity compared with those in the years of high fruiting intensity (Table 4) .
The year in which stones were harvested as well as the genotype had a significant effect on the stone weights and their numbers per kilogram (Table 3) . The more intense fruiting and the bearing of smaller fruit by the tested genotypes in 2010 and 2012 resulted in lower stone weights and numbers of (Tables 4 and 5 ). The dried stones of the genotype BN-8 possessed the lightest average weights over the four-year evaluation period. Small stones are advantageous because they allow for reductions in harvesting costs, storage, stratification and sowing. On average over the course of the study, the highest number of stones per kilogram was obtained from the genotype BN-8. In nurseries, the usefulness of seed genotypes is also determined by the germination capacities of the seeds harvested from their trees. A higher germination capacity indicates that a higher number of seedlings (rootstocks) will be obtained in relation to the number of seeds sown. In this evaluation, the germination capacity was significantly influenced by both the genotype of the seeds and the year in which they were harvested ( Table 3 ). The greatest germination capacities for all genotypes were observed in 2013 and 2011, and the lowest were detected in 2010 and 2012 (Table 5 ). The weather conditions likely affected these germination capacities. In the months of July and August of 2010 and 2012, higher temperatures were recorded compared with those in 2009 and 2011, which contributed to the fruit development and seed maturation. Variations in germination capacities depending on the growing season were also reported in the sweet cherry (Suszka 1976) , apple (Lewandowski, Żurawicz 2009) , and apricot (Szymajda et al. 2013b ). The results of our four-year study have shown that the seeds of the tested genotypes have significantly higher germination capacities compared with those of the control cvs Mandżurska and Siberian C. Among the tested genotypes, the seeds with the highest germination capacities were produced by the trees of BN-3, BN-4 and BN-8. In addition, genotypes BN-3 and BN-45 produced the most stones containing two seeds, which may positively affect the numbers of rootstocks obtained in relation to the numbers of seeds sown (Table 5) .
The seeds of the evaluated peach genotypes began to germinate after at least 90-100 days of stratification, depending on the year and genotype. The largest number of them germinated between the 110 th and 130 th day of stratification. Very few seeds germinated after that period. The germination of peach seeds after a similar period of stratification was also observed by Jakubowski (2000 Jakubowski ( , 2004 and Czynczyk (2012). For nursery production, it is very useful to know the optimum duration of stratification for peach seeds because it aids in determination of the start date of the treatment in relation to the planned sowing date. 
CONCLUSION
These results clearly show that selection may be used to obtain seed genotypes of P. persica that can regularly produce large quantities of seeds with high germination capacities The regular bearing of fruit by the genotypes BN-1, BN-4 and BN-8, despite severe winter and spring frosts, suggests that they are very well suited for the establishment of seed orchards in central European countries. The genotypes included in this evaluation produced small fruit with small stones. All of the selections produced seeds with higher germination capacity compared with those of the control cvs Mandżurska and Siberian C. With respect to all the characteristics evaluated, the genotype BN-8 is the best as a seed source trees. Studies are underway to assess the compatibilities of the obtained rootstocks with the peach cultivars grafted onto them and to assess the effects of the rootstocks on the growth and fruiting of the trees of these cultivars.
